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PATENT 



CELLULAR PANEL AND METHOD AND 
&PPARATTTS FOR H» TW . ^ ^ 



DESCRIPTION 



JflStecfend »f TriTn|[ . n|| 



openings. T„ ese n , n , cover "3 windows or other 
Plurauty o f tLl D0St COmE ° nly COTprise - 

tether The pan T / eCti0nS adhBSiVely se =»™ 
actions for! * h °" ""^ S ° th " the 

Pane! whicH^n, C °~ U *« - ~Panda Me 

wuicn exrends vertical iv ^,,«u 

doorway or oth... . "f 1 " 11 *'' su * as -.-hen covering a 
V other slBU ar openings. The panel Mre 
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COmn0nly • " used ^ orientation where the tuh , 

sections for* a vertically collapsible and " 
Panel e«endi„a horizontally such as „h 
window. y ' h as " han "Bering a 

-drau w w ?r P ur v : r 7' the panei is "~*«« a 

the panel to a " ' T^"" 9 dOU " thr ° Ugh h ° l « in 
panel ' " U Se<=Ured t0 b °"om of the 

strioof PanSl dSSi9nS ' MCh tUbul « ««!« is a 

"rip of usually thermoplastic woven or unwoven „ 

serial folded into an open-top tube. Ea^Te-^" 
Sutr St? 1 " 3117 C °" Pletely ™ <™ L ZZ 
,„?, rips of the P ane l ^ bands of adhesive ■n, 

: ^ s c a : PP r lar r ion ars — ^ — - ~ - 

~c ap^nce oHheVnr ^ ^ ~ 
«,m...... A ' 1968 to Landa. m this n,^ 



Publication, the cells have a recTangular " 0115 ^ 
a pointed Qva i recrangular, hexagonal or 

adhesive .ends and the d Pe " din9 " ^ °< 
» the adjacent tuou! .°* eXPanSl ° n ° £ 016 

°ver wide securVet h / eCtl ° nS ™< t0 *«»« 

cells have a re!! f "* fU " y «» 

Patent Mo * olTlT" ?** " ^ * M - 
Sasaussen. * °" April »«' »« to 

Pair ziHa" " CeUUlar PSnel """ruction, a 

ing "Nation and secured tooethoT- =,+- -u 
fold points hn j • together at the abutting 

p nts ' to £ °™ diamond-shaped cells m 
cons+-TT.^,__ .... H ceij. s . This panel 



construction i s disclosed in ™ ^ 
granted November 21, 1938 to Terrell> N °* 2 ' 201 ^56 

The rear side of all these cellm ar n*n al „ ■ 
interrupt th P iUiar Panels, which 

«Pt the passage of light when C oveHn« =, • „ 
Preferably have ^ covering a window, 

x ' nave a color to reflect l irrh+. 
of the , ct lj -ght. The front side 

the panels, which face into the ron™ ■ , 
desirably h aVB a „ on inv °lved, 

standpoint .n th '"""" 3 aesthe "= 

" ade ° f a se " ara " ^eet of M terial folded 



into a tube, one ha l f n * *-u 

naif of the sneec aay be nrim--* 

emcossed before it i s fn „ , . Printed or 

folded into a tubular 

that the portion of u ar sn ape, so 
P rtion of each sheet which faces the insirfo * 

the room i <= „ , " e inside of 
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— r==„ 1S provlded vlth ---- ^ 
appearance. The other ^ o£ « «£t» 

towards the winn™, v, w mch faces 

the window has color to reflect li ght lf ±ho 
initial sheet of mater* „i -, If ^ 

material is. already of a desiron t ^ 
color to reflect light it Mn Wired light 

9 ' xt can remain without ami- a^-^ 
coloring. If the sheet £ «F-*d 

—of an expensive material to give the front / 
the panel an attractive * Slde of 

- n attractive appearance, the high cost *h 

portion of the same sheet uh i,H • ^ ths 

awe sneet which is to face the U i'«h«., • 

an undesired expense. lndOW 13 

The panel design having diamond shaped cell, 
described previously, made from a p air 7 f 

confronting zi n .„„ u P of se Parate, 

ing zig-zag shaped sheets does n«i- v 

problem as only the f«n* „ / h3V6 ms 

y rne front sheet must be made of th» » 
expensive material. However , ! tt ° re 

attractive to some ^ thlS ty P e of Panel i s l ess 

to some purchasers than the n* no i u • 
pointed oval, hexae™*! P 1 havi «g 

' nex agonal or rectangular call? „ 
method reguired f Qr - • ceils. Also, the 

- shape^l 7 S Us/lSrcIet T ^ Z ^ 

r 1PS of Mterlal adhesi ~ :;r tt r 

The preferred celi.n^ ~ , »-»9«n«r. 
manufactured in ace „ ^ ellular constructed and 

^red m accordance with the present i„v»„^ 
overcomes these disadvantages. The oanel TV 
of any desired Bha P 1 Can have ce Hs 

ny aesired shape, and can be made bv a ve™ • 
stacking process m ^ efficient 

^ ^iutess. in addition, onlv the r 
the panel reouir^ front side of 

panel requires a more expensive material • 

the aesthetic objectives of purchasers " , S * tlSfyin * 
"ar side can be made of a less ZZ ' ^ 

is only required to reflect iLt T-^" 131 ' 
insulating panel. * ' "* ^ in f0rmin * an 

Many of the present features of the Wi 
apDlicahio ^ ^ invention are 

ppucable to another type of panel k« - 
a lirrm. f«inei ^o be referred to as 

a light-controlling cellular panel whleh • 
cover nHM=r<i • F«iei, rfluch is used to 

er Primarily windows. m this „,„ , 

vertical side of eac h h • P *" -1 ' the front 

of each horizontally extending cell is made 
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of a sheer materia] ^to*=o>-^wi 

Aiai ' P"feracly or one mesh size anH ^ 

rear vertical side of each cell u ^ J' 
materia! preferably of a different ,esh size or ^2 
^ape, a, .void a Moire effect, when the panel u 
Uoht-passin, state, the upper or lower horizontal wall 

lesirjL^ 1 V h0ri20ntal ° PaqUe " hlC "' 
desirably, ls wider than the height of the cell „,.„ 

on. o f the vertical sides of the panel is shifted' up^ 

">e panel, the opaque walls are pivoted iJ 
substantially vertical ™.n.< . Pivoted into 

overlan * ve "l«l Positions where they completely 
overlap, to obstruct the passage of light through thl 

Most of the methods previously used to fabricate 
this type of light-controlling panel did not permi ~! 
ready manufacture of any desired width of the panel ™! 
commercial forms of this panel have been usuau! 
constructed from two horizontally spaced confront^ 
unfolded vertical sheets of sheer material wh. ! 
respectively formed the complete front and re r sid^d 

sturT t" ° Pa,Ue StrlPS ° f Mterial «» — 
secured at spaced vertical points between the front ami 

**ve a rectangular shape. As will later be described 
the present invention provides a very efficient Tn* 

sLilar a 6 ^ *" » having a 

««ere„t P l P ; ara r ^ ^ P ™ 1 ' b ° t <~«ed Lh 

-HIS; of present invention is rade fr ™ - 

anv T J Pa " te identical "rips of material of 
any desired length, cut from a continuous web all 
laminated by an ef f in* 4. • 

the can., k fflC16nt Stri P backing process where 

Ten Z ' T " ^ length ' can 

then be made into any width u«<nrr » u, 

stacking process. * ^ efficie "t 
Summary of the t™,— 

th. 13 PrSferred in 311 fora * of the invention that 

the celi ular panei be made a ^ " tt« t 

that initially i s e it he *. , apparatus 

^7 -s either a continuous tubular or flat web 



formed from two or 3 „re narrow, continuous substrate 
sheets or webs of completely dif£ere „ t Mreria ^" 

tol YT W " 1S ° f tte Pane" 

when made of . thermoplastic material, are secure* 
together preferably by sonically welding their Cutting 
longxtudin.1 margins. This permits efficient Zl 
Production of panels of various constructions", 
strips from the web and laminating the strips together^ 
the various ways to be described. 

liaht 0 " 6 l°™ ° £ ^ tnVenti ° n f0rmS 3 no* 
light-controlling. The panels are made at a high-sp.1T 

on one or more production lines by feeding a pair ^ 
has webs, or substrats sheets _ superimpossd 

L use, "° re S ° niC " SlderS - "»» « «ni= w.!de r 
substrl Z ^ 3 PanS1 ' 0,6 tM ° -""nuous 

, ar ° " aWed t09eth " °nly along one of 

therr long.tudxnal margins. The resulting two-substrat. 
web is first unfolded to form a flat web. ^ tut 

a=L U ~ U " t ^ and sequentially to foldi™ 

adhesive applying, web cutting and stacking apparatus^ 

reel and 7T Pr ° dUCti ° n WOMd « 3 *^-P 

secL, UnM ° Unti "»»*»■• ™« open tubular 

segments of the web formed by the folnfn 
produce folding apparatus 

-piiL :::;: e ~ ted t — — - - 

formed TO b; V a°;ai U r nf o°fT n5 ^ f ° ldin9 "» "* ^ 

subst™-. „ superimposed continuous 

SrLv f ' S ° Ulat tTO " ~>te web formed 

111! 2TI ed5es of tea uab - The « «-lJ 

first o„ 3 ra£0rain9 aPPa " tUS - ™* apparatus 
weMs r 3 ra£lattanS «» «*' » «»t the 

to the lei "* iS the " «Y fed 

apparatus e " aPPll,in9 ' " eb -«ing and stacking 
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This web-reforaing aooararus reflai-^ 
™ in a pun. preferably Yess ^an 

Plane of the flat tubalar Mb " £r0n <*• «i giaal 

-r gi „ s of the £lat eb ; «- ««ed 

the „. t ueb to latera r o ;;; s /"; the «*« «*- « 

top and bottom faces „/ ° poslt «"= °n the fl at 
3P«e d segments o/" is fl a tt LT' k *" '-""""-"r- 
tubular sections of the " "I "? «» -~ 

:T n S of these tubul - .s^t.^^ ^ 

— appeal 1^^!^ «" 
visible respectively on «. h 6 then OI *Y 

«u i. accUre 1 :;; ? r :r i r ~ — 

the welded portions need not be lateral, lnVenti ° n ' 
desirable because the offset reduces 4e lt 
panel when it is rai«H • . reauces *"» thickness of the 

-p .* a wi ndo„ r au a : P r u r ed conditi ° n " 

invention where the sltrateleets ^ " ■ *~ 
along their ™ • sneets are sonically welded 

y tneir superimposed abut<-ir,« 
desirable to fi a ^ 0 -u tlng urging, it ^ 

±e to flatten the welded portions 0 * +*, 
sheets. Thic f«^ions of the substrate 

- subst:: ^"r-" * ■«•* w « 

«— of the ^nlT^n ^ Its"' ^ * 

, n> " 1CS collapsed 



configuration. 



/J-/ /,xoo granted on December 4 iq 70 . n 
™ S Patent discloses the use of neat J/ 
first secure together the folded trail ^ *° 
stationary thermoplastic sheet t L super **" °* 3 
leading edge of a r„, , su Penmposed folded 

superimposed station ^"ationary sheet. The welded 

fattened by apnlicat "* « 

"jt application of heat- a«w ~ 

sheets are stretched to pull the „e ld TT"' *"* 
the present invention, it is not * ^ Z " 

«lded sheets aoart / necessary to pull the 

and cressure r„ th " ^"'"ion of the heat 

- m the practice o, a preferred for. of the 
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present invention, the heat and pressure used to 

the welds are applied by using sonic aiding appa"^" 

designed to perform only a weld-flattening operation 

in these two methods of making cellular panels 
individual tubular sections which form the 

panel can be formed from strips traversely cut 2 "°* 
adhesive rn*<-^ u rom an 

dhesive coated web either before or after they are 

staged. The Utter stacking method is disclosed in a s 
Patent No. 4 , 45 „, 027 t0 CQlson where; ^ 

adhes lve coated open tubular web, „ hlch is £ " 
sonically-welded tubular web of different strata 
haets as jus t described, is spiraUy wound onTnT 
rotatmg stacker. The stacker forms a flattened spi~l 
«nd!„g of the web material, where the layers a » 
adhesxvely secured together. The ends of £T £1 \f 
spiral winding are then severed fro* the rest of £ 
stack of severed layers of material to separate and 
divide the severed web into separate, adhesively-secured 
to,eth er tubular sections forming a continuous c ^« 
panel. HoueveXi lt u ^esivT- 
coated, multi-substrate web be first cut into str Z lll 
then stacked in a manner like that disclosed AVs 
Patent No. 3,713,914 to Clark et al. 

When forming a light-controlling panel, the initial 
continuous web is constMcted prefe «*-! 

differently-appearing substrate sheets welded together at 
their confronting longitudinal margins. The central 
substrate sheet is made from an opaque materia" Th. 

Of the opaque central substrate sheet, are made from a 
narrower sheet of sheer material preferably of dif e^t ■ 
-* or mesh shape, to eliminate a Moire effect 

2 15 Pre£era " y — * ^"onin, 

one of ^"™ r *»« sheets over and along 

sheet a „d L t °' m ~ate 

Sheet and positioning the other narrower sheer substrate 

sheet beneath the wider opaque web alon„ 

side along the opposite 

side nargm thereof. These substrate sheets ,o 

positioned are aoved past a oair nf 

past a pair of sonic welders 
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positioned along the opposite longitudinal margins of the 
substrate sheets, where each welder welds only the two 
layers of sheet material located thereat. The resulting 
three-substrate web is then unfolded so that the 
completed panel can be made by one of two methods. 

In both of these methods, the three-substrate web is 
initially cut into strips of equal length, m another 
method, before the web is so cut, it is folded into- an 
open tubular web by folding the opposite longitudinal 
margins of the outer sheer substrate sheets of the web 
over the central opaque substrate sheet of the web. A 
pair of adhesive bands are then applied to the * top 
surfaces of the folded-over portions of the tubular web 
so that the tubular strips cut from the web are adhered 
together when stacked over a width equal to the width of 
the opaque substrate sheets thereof. The stacked 
adhered strips are cut to size to form a continuous 
cellular panel of desired length. 

When the panel is oriented so that the tubular 
sections or cells of the panel extend horizontally and 
are in vertically-spaced relation, the front wall of each 
cell is formed by a front vertical sheer substrate sheet 
of one of the tubular strips, the rear wall of each cell, 
is formed by a rear vertical sheer substrate sheet of the 
same tubular strip, the bottom wall of each cell is 
formed by a horizontal center opaque substrate sheet of 
the same tubular strip and the top horizontal wall of 
each cell includes the folded end portions of the same 
tubular strip and the opaque substrate sheet of the strip 
above it. 

When the substrate sheets which form the front or 
rear sides of the panel are shifted up or down with 
respect to each other, the initially horizontal opaque 
substrate sheets of the various laminated strips are 
shifted from a horizontal position where light passes 
through the panel to an inclined vertical position where 
the opaque substrate sheets of adjacent strips overlap, 
to stop the passage of light through the panel. 



Another method for •"abnr^tinrr * u 

- aDnca tmg a light-control l 

flat three-substrate webs. Before the fiat web is 
into strips, spaced bands of adhesive are applied to th. 
top surface of the web in a pattern which effects a 
special strip laminating pattern. The adhesive-coated 
flat web is then transversely cut into flat strips ot 
«puai length. The strips are laminated together bv 
sequentially laterally shifting the strips fro, ^ 
original aiigned longitudinally spaced positions. ^ 
laterally shifted strip is next laminated so that^ 
outer longitudinal margin of one of the outermost light! 
passing substrate sheets of each strip is adhered to 
strip cut before it at the innermost longitudinal margin 

thereof aTrr 0 "^" 9 U ' ht -=-= i ^ -""rate shit 
thereof, and the inner longitudinal margin of the other 
outermost Ught-passing substrate sheet of the £Z 

"rip is adhered to the latter previously cut strip^ 
the o t longitudiMl Barg . n of P « 

substrate sheet. The resulting panel forced tL Z 
Uterauy. shl£te(i laBinated ^ ^ 

oTthe tLr 31 " 5 SUb " rata Shee " ^ P ° SiUOnS ™ 
a verticaTt 9 ****** °* MCh stri » «« 

«e p" el ™ U ° f " eXP3nded tUbUl " ~«« of 

ste strip 8 -'"rate sheet of the 

same strip forms a vertical rear wall of the ad-lac..,* 

expanded tubular section of the panel and « 

cl . Kr ,. . ulAe P a nei, and the opaoue 

substrate sheet of that strip forms the horizontal top « 

panel ^ *""**" ^*" ' 

of tn Wh6n li3ht - passi "9 «*>»trat. sheets on one side 

llT* Pan61 SMfted Verti -"y relative to the 

light-passing substrate sheets „„ .u 
thereof fh . the °PP°=ite side 

hereof, the opaque central substrate sheet of each 

horizontal position where light can pass through the 
ad"ac 3 P0Siti0 " " hSre ° PaqUS SUb ""« -^t. of 
obstruct the passage of light through the oanel. 



Other advanrages and features of the invention will 

the 



beccne apparent upon making reference to 



specification, claims, and drawings to foil 



ow. 



Descripti on of nr, u ^ r 

Fig. 1 is a perspective view of two adjacent tubular 
sections of the preferred panel of the present invention 
wh 1C h is adapted for applications where the panel covers 
a window in its normal use and is raisable to the top of 
a window when not in use? 

Fig. 1A is a fragmentary, enlarged vertical 
sectional view through the laminated portions of two 
adjacent tubular sections of the panel and shows spaced 
adhesive bands which secure together the adjacent wall 
sections of these tubular sections of the panel; 

Fig. 2 is a larger perspective view of one of the 
tubular sections shown in Fig. i, specifically showing 
the adhesive bands on the top of each tubular section; 

Figs. 3A-3F respectively show the different 
operations performed on a production line upon a pair of 
superimposed continuous substrate sheets of different 
material to form a multi -substrate sheet web which is 
wound upon a reel and then subsequently unwound and 
applied to the second section of a production line, shown 
m block form in Fig. 5, where the web is coated with 
adhesive and cut into strips which are then laminated to 
form a continuous cellular panel; 

Figs. 4 and 4' taken together show an exemplary 
production line for performing the various steps 
illustrated in Figs. 3A-3F; 

Figs. 4A and 4B disclose slit/weld sensor pins which 
detect whether the slit/weld anvils are operating 
properly; * 

Figs. 4C-4H disclose various views of the web 
reforming stations of the apparatus of Fig. 4', where an 
initially formed flattened tubular web is reformed into 
a tubular web flattened in a different plane; 

Fig. 41 is a transverse vertical sectional view 
along section line 41-41 in Fig. 4' through an ultrasonic 



hern assembly which sets a sharp fold in the side edges 
of the preformed web; 

Fig. 4 J is a perspective view showing in more detail 
a portion of the stress-relieving station of the 
production line of Fig. 4', which includes a heated 
cambered plate over which the re-formed web is fed ; 

Fig. 4K is a longitudinal vertical sectional ' view 
along section line 4K-4K in Fig. 4J through a pair of 
drive and nip rollers at one end of the cambered plate; 

Fig. 4 L is a transverse vertical sectional view 
along section line 4L-4L in Fig. 4K through the nip 
roller assembly; 

Figs. 4M and 4N show a modification of tbm 
production line of Fig. 4, where a number of multi- 
substrate webs are simultaneously formed on a number of 
production lines formed of common elements as in Figs. 4 
and 4 ' ; 

Fig. 4*sho\s the different elements of a sonic horn 
used throughout W production lines to be described 
nereafter; \ 

Fig. 5 is a block diagram showing how a multi- 
substrate web formed by the production line of Figs 4 
and4 ' iS f Urther Passed by applying adhesive to the 
web, cutting the web into strips, and then stacking the 
strips to form a completed continuous cellular panel; 

Fig. 6 is a perspective view of two adjacent tubular 
sections of a panel where each tubular section is an open 
top tube for a panel which covers a window in its normal 
use^ and is raisable to the top of a window when not in 
use f 



Fig. 6A is a fragmentary enlarged vertical sectional 
view through the laminated portions of two adjacent 
tubular sections of the panel of Fig. e and shows spaced 
adhesive bands which secure together the adjacent wall 
sections of the tubular sections of the panel; 

Fig. 7 is a larger perspective view of one of the 
tubular sections shown in Fig. 6 , specifically showing 
the adhesive bands on the top of each tubular section; 
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Figs. 3A-3F respectively show the different 
operations performed on a production line upon a pair of 
superimposed continuous substrate sheets of different 
material to form a multi-substrate sheet web which is 
wound upon a reel and then subsequently unwound and 
applied to the second section of a production li„ e where 
the web is folded, coated with adhesive and cut into 
strips which are then laminated to for* the continuous 
cellular panel shown in Fig. 6; 

Fig. 9 shows part of a production Une for 
performing the various steps which form the m m ti - 
substrate sheet web of Figs. 8A-8F; 

Fig. 10 is a block diagram showing how the nulti- 
substrate web formed by the production line of Fig 9 is 
further processed by folding the multi-substrate web 
applying adhesive to the web, cutting the web into strips 
and then stacking the strips to form a completed 
continuous cellular panel of Fig. 6; 

Fig. 11 is a perspective view of three adjacent 
cells of yet another embodiment of the present invention 
which ls a light-controlling cellular panel and is 
adapted to applications where the front and rear sides of 
the panel are movable vertically relative to one another 
from the light-passing position of Fig. n to one (not 
shown) where light passage through the panel is blocked; 

Figs. iiA-iiB more clearly show the spaced bands of 
adhesive which secure together the adjacent cells or 
tubular sections of Fig. n ; 

Figs. 12A-12D respectively show the different 
operations performed on a production line upon three 
superimposed continuous substrate sheets of different 
material to form a multi-substrate sheet web which is to 
form a light-controlling cellular web which is wound upon 
a reel and then subsequently unwound and applied to the 
second section of a production line shown in block form 
in Fig. 14 , where the web is foldedf cQated 

adhesive, and cut into strips which are then laminated to 
form the continuous cellular panel of Figs. 11 and 12- 
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Fig. 13 shows part of a production U ne f 
performing the various steps which form the aul tll 
substrate sheet web of Figs. 12A-12D; 

Fig. 14 is a block diagram showing' how the multi- 
substrate web formed by the production line of Fig. 13 is 
further processed by folding the multi -substrate sheet 
web, applying adhesive to the web, cutting the web int 
strips and then stacking the strips to form the completed 
continuous cellular panel of Fig. 11 ; 

Figs. 14A-14D illustrate the tubular web produced bv 
the production line of Fig. 13 respectively, before the 
web is folded, after it is folded, after adhesive is 
applied to it, and after strips cut from it are laminated 
together ; 

Fig. 15 is a perspective view of a plurality of 
cells of another light-controlling panel embodiment of 
the present invention; 

Figs. 15A-15B are fragmentary enlarged views of the 
panel of Fig. 15 showing the adhesive bands connecting 
adjacent multi-substrate strips which form the cells of 
the panel; 

Fig. 16 is the multi-substrate web produced by the 
production line in Fig. 13 coated with bands of adhesive- 
Fig. 17 shows a plurality of strips cut from the web 
of Fig. is a nd laterally shifted with respect to each 
other, with arrows indicating the points where the 
adhesive band coated on the strip will adhere the 
laterally shifted strips together, to form the light- 
controlling cellular panel of Fig. 15 ; 

Fig. is is a block diagram showing how the multi- 
substrate web formed by the production line of Fig. 13 is 
further processed to form the light-controlling cellular 
panel of Fig. 15; and, 

Fig. 19 shows the strip delivery and lateral strip- 
shifting conveyor means used to laminate the multi- 
substrate strips together to form the light-controlling 
cellular panel of Fig. 15. 
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Detailed n P scri 3 t^. ^ the B r» OTt Invents, 
The Emb odiment of vjgs. 1-5 

While this invention is susceptible of man y 
different forms, there is shown in the drawings and will 
herein be described in detail various preferred 
embodiments of the invention, with the understanding that 
the present disclosure is to be considered as an 
exemplification of the broad principles of the invention 
and is not intended to limit the broad aspects of the 
invention to the embodiments illustrated. The various 
different details of the various embodiments of the 
invention are, in some cases, due to their different 
applications and, in other cases, due to progressive 
improvements to earlier developed embodiments. 

Referring now to the drawings, Fig. 1 snows a 
portion of a non-light controlling closed tube cellular 
panel 10 in its expanded state, formed from laminated 
horizontally elongated vertically aligned tubular 
sections or cells 12. This is the most preferred panel 
embodiment of the present invention where the panel is 
not light-controlling as are other panels to be 
described. Fig. 2 shows a single cell or tubular section 
12 of the cellular panel 10. The cell 12 has a front 
wall portion 14 made from a first continuous 
thermoplastic substrate sheet 18 , having a desired 
aesthetic appearance, and a rear wall portion 16 made 
from a second continuous thermoplastic substrate sheet 20 
of about the same thickness, length and width as the 
first sheet 18. The second sheet 20 is made of different 
appearing, preferably much less expensive, light- 
reflecting material from the substrate sheet 18. The 
cell 12 also has a top wall portion 15 and a bottom wall 
portion 17. Each tubular section 12 is laminated to the 
next adjacent tubular section 12 by spaced bands n-u* 
of adhesive which are spaced apart to provide an 
adhesive-free band 15a centered on the top wall portion 
15 of each cell 12 to receive a drill for drilling pull 
cord-receiving holes (not shown) . Folds 13-13', shown in 
Fig. 1A, are formed in the centers of the sheets 18 and 



20, so mar vnen the tubular sections 12 are expanded by 
the weight of a bottom rail (not shown) and the weight of 
the panel itself above the rail, the cells have a 
hexagonal shape. 

The cell 12 is initially formed by firmt 
superposing the two separate continuous substrate 
sheets 18f2 o as shown in Fig. 3A . ^ superposed 
substrate sheets is and 20 have superimposed longitudinal 
•margxnal portions adjacent their longitudinal edges 22 22 
and 22 ',22' which are secured together, most preferably 

sUt/weld anvils 24,24' are positioned slightly inward of 
the aligned pairs of longitudinal edges 22,22' of the tvo 
substrate sheets 18f2 0. The anvils 24,24' may be driven 
by a pulley system (not shown, or other drive means or 
can.be stationary. Driven rotary anvils are preferred to 
lessen the wear on the anvils. The periphery of each 
anvil 24,24' is tapered on each side 24b, 24b' toward the 
pointed edge 24a, 24a' thereof, a common ultrasonic horn 
26 having a flat end face 26a is positioned under th* 
second substrate sheet 20 and extends at least the entire 
width of the two substrate sheets 18,20. As the two 
substrate sheets 18,20 pass between the slit/weld anvils 
«,24 and the common ultrasonic horn 26, the 
longitudinal marginal portions of the sheets inwardly of 
the pointed edges 24a, 24a' of the anvils 24,24' are 
welded together by the ultrasonic horn 26 vibrating the 
two substrate sheets 18,20 against the slit/weld anvi ls 
24,24. Narrow continuous longitudinal welded portions 
28,28 are formed at the inside faces 24b,24b of the 
sUt/weld anvils 24,24' . The welded portions 28,28' have 
a width of about the thickness of each of the substrate 
sheets is 20 Pi« . 

FlQ; - 3C is an enlarged view of a weld 

formed b y the process shown in Fig. 3B and shows the 
substr e a t e ed9 h e " ^ ' 

substrate sheets 1S ,20, and a portion of the ultrasonic 
horn 2 6 positioned therebelow. 

In addition to sonically welding the superimposed 
substrate sheets is, 20 together, the slit/weld anvils 



24,24' also slit through the superimposed substrate 
sheers 18,20 at the location of the anvil pointed edges 
24a r 24a'. This produces selvedge portions 32,32' of the 
superimposed substrate sheets 18,20 adjacent the pointed 
edge 24a, 24a' of each slit/weld anvil 24,24' which are 
collected in a process to be described in more detail 

The welding process described forms a continuous 
flat, multi-substrate tubular web 30 (Fig. 3 B) in a 
honzontal plane, with the different appearing substrate 
sheets 18,2 0 constituting the opposite flat sides 
thereof. The panel io is formed from longitudinally 
spaced segments cut from this web 3 0 and laminated 
preferably in a manner to be described. The web 30 shown 
is reformed so that a flat tubular web 30' (Fig 3F ) is 
formed having the welded portions 28,28' thereof on the 
top and bottom of the opposite flat sides of the reformed 
flattened web 30'. To this end, the tubular web 3 0 is 
first guided from a horizontal plane to a vertical plane 
(Fxg. 3D). Th e fiat tubular web 3 0 is next opened and 
then flattened in a plane approaching a right angle to 
the original plane of the flat web 3 0 to bring the welded 
portions 28-28' to the flat top and bottom faces of the 
reformed tubular web 30', but laterally spaced in 
opposite directions from the center line of the web so 
the welded portions 28-28' webs are not in alignment, as 
shown in Fig. 3E. As there shown, the reformation of the 
web 30 causes the welded portions 28-28' to project above 
and below the top and bottom faces of the reformed web 
30'. it is desirable that the reformed tubular web 30' 
have a similar thickness throughout; therefore, the 
projecting welded portions 28-28' of the tubular web 30' 
• are flattened to produce a tubular web 3 0 with similar 
thickness throughout as shown in Fig. 3 F . 

Fig. 3E illustrates this weld flattening process 
which utilizes a weld flattening ultrasonic horn 33 
similar to the welding ultrasonic horn 2 6 shown in Fig' 
3B, but positioned above the reformed tubular web 30' 
and a preferably driven cylindrical rotating anvil 34 
positioned below the reformed tubular web 30'. As the 
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tubular yah "> n / 

. r veb passes catwsen the web flatty 

ultrasonic horn 33 an, the cylindrical rotating ^ "7 
he welded portions 28f23 , Qf ^ *anvU 4 

flattened by the pressure applied by the flatL 
ultrasonic horn 33 V1 bratin g the tuW J « 30 /^£ 
cylindrical rotating anvil 34. The opp osite t0p ^ 
bottom layers of the tubular web 30' TrT\ 
tC-er because the conditions 'of' 
cent lied to avoid a welding operation> J - 

flattening conditions are disclosed i n the Zoll 
specification to follow. P«cess 

Fig. 3F shows the reformed- tubular web 30' with th« 
welded portions 2 8 23' out nf a1 - ^ 
flattenL a I alignment and substantially 

flattened. As shown, slight bulges 36,36' remain in *k 
tubular web 3 o« af - ^ remain m the 

web 3 0 at the welded portions 28-28' 

Figs. 4 and 4' show a full production' line for 
-nufacturing the closed reformed tubular web 
two continuous substrate sheets i 8 , 20 of differenJv 
appearing material. Fig . 4 ' is a CBn +< J. * 
line shown in Fia 4 m continuation of the 

n in Fl< ?- 4. Narrow webs of the t« n 
substrate sheets lfi , n , ^ Me two continuous 

sheets 18,20 wound on driven supply reels 40' 42 
are unwound bv the mm*««. ^ s 40 ' 42 

35 37 ™ P lng f ° rce of drive and nip rollers 

'ro" ler T d r str r e sheets i8 ' 20 pass « * ~ 

sheit :r 20 r " raai r ain tension in the sui —° 

18,20. to this end, the substrate sheets is 2n 
fxrst respectively pass over idler rollers 44 and 11 

I":" 10 " 31 "-ers 46'r C h a « 

Wa ZT\ (n0t ShOWn) WhiCh HOVe U * - <™ to 

shleV 13 20 " TheTd" ^ ^ C ° ntinUOUS S — 6 
J.a,-J0. The tendency of these an n 

rollers, to be described / dancing 
by a feLn 7 deS<=ribed ' to move U P and down is opposed 

speed of th k C ° ntr01 SyStem VMCh C ° ntrols th * ^ving 
which the SU T Y r6elS 4 °' 42 take " Up 128 "P°n 

sheets Ts 20 T ^ " ^ ^ 

After thi n C " ° Ver SSCOnd idler 48. 
After the substrate sheets u 5n „ 

convention P not=-cell ooa^L d ? ^ thr0U9 " 3 

^-ne sheet in longitudinal 
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alignment. 



The substrate sheet 13 next passes under a 

,? V n roll,r 52 ind to a pair o£ idler roii -"»- 

«. .he roller assembly 50 includes a support frame so- 
mounted for pivotal movement about a vertical axis „,„ 
photo-cells 50" sensing the positions of the edges of the 
substrate sheet is. After passing over the second id!er 

third" ^' S6COnd SUtStrate She " 20 PaSSes »*« the 
third idler roller 52 and through a conventional photo- 
cell controlled edge guidance roller assembly so lit „ 
the assembly 50 just described. The substrate sheet 20 
then passes up. to the pair of idler rollers 60,62 At 
the idler rollers 60,62, the superimposed substrate 
augtd. 18 ' 20 h3Ve th6ir lOT9itUdi <- ~s or edges 

The two superimposed substrate sheets 18,20 next 
pass through adjustable longitudinally-spaced „ on - 
rotatin, shafts 51,56,5a, which are vertical^ 
adjustable. The shafts 54.56 adjust the elevation of the 
two superimposed substrate sheets 18,20. The shaft 58 is 
positioned below shafts 54,56 and is verticals 

T::tV°- Mntr01 tenSiOT ln — te Sef 

18,20 to eumxnate any wrinkles at the welding assembly. 

The first substrate sheet 18 passes over the shaft S4 L 

between the shafts 56 and 58. The second substrate she^ 

end s". ™ der Sha " " b "" een *» sl »«s 56 

betw su P eri »P°=^ substrate sheets 18,20 next pass 
between the common ultrasonic horn 26 and the rotating or 

om^TT SUt/ " eld anVUS 24 ' 24 '< " ftere «» 
opposite longitudinal edges 22,22' are welded together 

as previously described with respect to Figs., 3B-3C.' 

This as noted before, forms a continuous tubular web 30 

differently appearing substrate sheets 18 20 

21"^ and M " ed tD9ether ln tha h ° ri "" tal P^. 
The weld.ng process carried out by the ultrasonic horn 2 6 

and rotating slit/weld anvils 24,24- produce selvedge 
portions 32,32- at the longitudinal edges 22,22' of the 
tubular web 30. The tubular web 30 and selvedge portions 
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32. 32' then pass through a pair of slit sensor „■ 
59,59. sensor p lns 

The pair of slit sensor pins 59,59 are further sh n 
m Figs, -a and a a , J-ux-cner shown 

»s. .a and 4B and extend upward from * „ 

controlled shaft 59' T h* • 0nffl0n 

thp «= , - " nS ° r Plns 59 ' 59 Pass between 

the selveage portions 32,32' and the welded port^ns 
28,28V or the substrate sheet 18,20 before tL 

reaches the rollers 35 37 t*o SMle 

ers J5 ' J7 ' The sensor pins 59 ^ 

whether the slit/weld anvils 24 24' h * 

through the substrate T - 6 C ° mpletel y «lit 

y ne substrate sheets is ,20 which would nomn, 

indicate that the slit/weld anvils 24,24' « ^ 
Properly. The slit/weld anvils will wear over t" " 

~* 2 r 1 ^rr teiy siit th — - ~ 

-trate 'sheets ^ ~ « - 

pins 59 59 mh^k -ii • " se nsor 

P 59,59, ,hxch win rotate the common controlled shaft 
59' forward. As shown in Fig 4B thi c * 
of the shaft so, 9 * ' thlS forva rd rotation 

shuts h connected to a switch means 61 which 

shuts down the. production line so that th e 

defective slit-weld -mm WOrn ' 

11 wexa anvil can replaced. 

The tubular web 30 and selvedge portions 32 «, ^ 
pass between a ^ p lons 3 2,32' next 

iaier roller 6 3 „h h "* " th " B PaSMS « 

web 30 \TJ , Nation occupied by the tubular 

web 30 at the welding apparatus. 

:~ ~ which transiti ° n »• ~ 

web^o !r Ur 30 «» «*« edges or the tubular 

"I Lir;; a n ; ;; top and bottcn ot a 

4 weo J0 ' as shown in Fio- -?p ™. 
the weiri*w g * Thls tra nsition of 

tne welded portions 28,28' Drefer-„hi„ 

SDecifl . m Prererably takes place in the 

specific manner illustrated in Figs. 4C-4H 

The tubular web 30 lies in =» \ 
exiting the ultrasonic horn L * Plana aft « 

"-My and is twisted Tl *° Vil 24 ' 24 ' 

«-*vxtitea into a vert^ai n i a «« w 

e "^ ai Plane by passing 
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through one of the vertical slots 67 ferried between a 
first pair of spaced vertical rods 68,68 of a first comb- 
like structure 66 shown in Figs. 4' and 4C . ^ 
vertical, horizontally spaced rods 68 are mounted o n a 
base 66 supported on a post 67. The tubular web 30 then 
passes through a second comb-like structure 66' identical 
to the first comb-like structure 66. Using two coab-liJce 
structures assures the tubular web 30 is kept in a 
vertical plane before it enters the next steps of the 
process; it also reduces stress on the web 30. 

The vertically oriented tubular web 30 is then 
expanded to receive an insert structure 70 illustrated in 
greater detail in Figs. 4D-4G. As seen in Fig. 4 D, the 
insert structure 70 floats within and keeps the tubular 
web 30 open, with the welds 28,28' at the top and bottom 
of the web 30. The tubular web 30 is then re-fl a ttened 
in a plane slightly less than 90 degrees from the plane 
of the interfaces between the substrate sheets 18,20 when 
they were originally welded together. Fig. 4E shows the 
insert structure 70 including a pair of horizontally 
spaced vertical support plates 72,72' between which are 
rotatably mounted two narrow, vertically spaced rollers 
74,76 having outwardly tapering peripheral portions 
74a, 76a ending at peripheral flat crown portions 74b, 76b. 
A horizontal, rearwardly tapering guidance plate 78 is 
secured to the vertical support plates 72,72' and extends 
forwardly therefrom. The tapered guidance plate 78 rests 
on a stationary shaft 86 for support. Fig. 4P 
illustrates in dashed lines a cross-section of the 
tubular web 3 0 passing around the insert structure 70, 
with the flat crown portions 74b, 76b of the roller 
peripheries engaging and expanding the open web, so that 
the welded portions 28,28' at the top and bottom of the 
vertically oriented tubular web 3 0 ride along the flat 
crown portions 74b, 76b. 

To prevent the guidance plate 78 from shifting in a 
lateral direction, a pair of rotatable plate-holding 
members 73' are positioned on opposite sides of the 
guidance plate 78. The members 78' rotate while pressing 
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against the outer sides of ^ a ,, • 

" or <-he weo acrainsr 

the guidance plate 73 as ,h„„ • - 6dge of 

pxate /8 as snown m Figs. 4 ' and 4F 

The expanded web 30 is th en kept" exoand. • 
horizontal plane bv f ho ^ expanaea m a 

pj-ane by the guidance plate 7s • 

vertical plane bv the flat- 1,1 a 

rollers 74 76 7 Portions 74b, 76b of 

S 74 ' 76 ' A Pair of fixed cylindrical 
members 77 79 „ y"nara.cal outer guide 

",79 are provided with tapered si 

which closely but in ^^t^^T 

members 77 ^ 79 are IT ' °" 

"a-b with L" " * ^ °* 77 *^ 

79 a^-b^ which are COnf ;° ntin9 SUrfaC6S 77 *'-»' - 

define groo^e^Ta 8 r Ce t h ^ * 8l '" « 

79a' h , with the tapered surfaces 77a'-b 

79a -b' closely confronting the flat „,.„ ' 

b,76a-b of the rollers 74 76 of t POrti ° nS ?4a " 
Tho * ' of the ln sert structure ?n 

The forward movement of the exnanrt^ * ruccure 70 • 

expanded web 30 nucha.. 
insert structnm ™ * pushes the 

structure 70 forward towards 
members 77,79 so that- cowa rds the outer guide 

/ y so that the expanded web in „ * 
between the outer guide members 77 79 and th * 
spaced rollers 74,76. Flg \T 

Portion of F ig. 4E It I' 4G 13 3 Vlew ° f the top 

riding a i ong * ^ th * Portion 28 

<*-Long the flat crown portion 76b as th- » u 
passes between the roller 7« - ^ 30 

Cfte roller 76 and outer guide member 77 

between a statin™ 6 70 ' the web 30 passes 

a stationary grooved sleeve 86' and a ,*.,«.• 
grooved sleeve 87'. The i nmm n- * stationery 
«sts on the station T suture guide plate 78 ' 

are secured ^ ^ " ^ SleeV6S 

statin! 7 °" e ° r m ° re SSt scr ^s 86" 87" to 

- shift r i L 1 rr_!" ghtiy . d ~- - 



rt 86 ' As best seen in Fig 4H f h 

«'.«» have lateral!, offset grooves' 88 ..T, T" 
«*• bulg ing „ elded portions 9 " **■*■> "to 

respectively, to lateraily ^ t ° h f e the ," eb 30 «*« 
28,28' T h(= 1 . , orI »« the welded portions 

This lateral offset reduces th» t-h< l. 
comoleted „n„, thickness of the 

==nf iaJLZ T ' 10 " hSn " 3 »"«P«- 

-nation because the welded portions 28 , 23 . slightly 



bulge the tubular web 30. The grooved sleeves 86' 87 . 
are positioned by set screws 36" and 87" to obtain 'the 
desired offset positions. The stationary shafts 86 87 
may carry additional grooved sleeves if manufacturing a 
Plurality of webs at the same tine, as seen in Figs. 4M 
and 4N. 

The web 30, after leaving the grooved sleeves 
M', 87', enters the veld flattening assembly comprising 
the flattening ultrasonic horn 33 and cylindrical 
rotating anvil 34 shown in Fig. 3 E. The top and bottom 
welds 28,28' are located to the right and left of center 
lines of the top and bottom walls of the reformed web 
30', as shown in Fig. 3E. The reformed tubular web 30' 
passes between the flattening ultrasonic horn 33 and 
cylindrical rotating anvil 34 shown in Fig. 3E which 
flattens the projecting weld 28 ,28' of the reformed 
tubular web 30' to produce a web of similar thickness 
throughout . 

As shown in Figs. 4' and 41, the reformed web 30 ' 
passes between another ultrasonic horn 92 and a 
cylindrical rotating anvil 94 similar to the weld 
flattening assembly previously described. This second 
ultrasonic horn 92 vibrates the reformed web 30' against 
the second cylindrical rotating anvil 94 to set the folds 
made at the outer longitudinal edges of the reformed web 
30'. as best seen in Fig. 41, the second cylindrical 
rotating anvil 94 has a recessed portion 96 substantially 
at its center where the welded portions 28,28' pass 
through. without the recessed portion 96, the bulging 
welded portions of the web 3 0' . would become heated to a 
much higher temperature than the rest of the web, which 
could cause a possible undesired welding together of the 
overlying layers of the web. This prevents the second 
ultrasonic horn from working directly onto the welded 
portions 28-28' and concentrates the work performed on 
the longitudinal edges of the reformed web 30'. 

After this foldsetting, the reformed web 30' passes 
between drive roller no and nip roller 112 (Fig. 4',. 
The nip roller 112 is a bias controlled roller. The nip 



roller 112 is, - hus , adjustable allowing the nip roller 

112 to apply nore pressure to one side of the reform 
web in/ ft,, -w reformed 
web 30 than -.he web's other side. such a roller 
improves the control over the path of the web ^ 
thicknesses of the substrate sheets 18,20 forming the web 
30 can be different. Due to this possible variation in 
thickness, the web may try to move laterally as it passes 
between the drive and the nip rollers llo,l 12 . The bias 
control nip roller 112 prevents any lateral movement of 
theweb 30' and assures the web 30' travels in a straight 

Figs. 4K and 4L illustrate the bias control nip 

roller 112 in more detail. Fia 4K is * «hh„ , • 

' rj-g. « is a side view of the 

mp roller 112 taken along the line 4K-4K in Fig 4(T 

4WL 4 - V Cr ° SS - SeCtional "I*" ^3cen along the line 
4L 4L m Fig. 4K . The nip roller 112 has a grooved 
sleeve 130 which rides about a plurality of bearings 131 
adjacent a common shaft 132. The grooved sleeve has 
outer sections 133,134 which contact the reformed web 
30 The grooved sleeve 130 allows the welded portions 
28 28 to pass without contacting the nip roller 112. 
Spring assemblies 135,136, located on each end of the 
« 132, apply pressure independently to each outer 
ection 133,134 of the nip roller 112. set screws 
137 138 allow the pressure to be adjusted on each outer 
secti 133,134 of the nip roller 112. ^ described 
before, more pressure can then be applied to one side of 
the reformed web 30' than the other to prevent any 
lateral movement of the web 30' due to the different 
thicknesses of the substrate sheets 18,20 

h 6a , T ^ 30 ' 13 PUll6d ***** tensi °* °ver a 

heated upwardly honed or cambered plate 106, as shown i n 

Fig. 4 and Fig. 4 J, to relieve the stresses produced in 

tubu, en6d Welded POrti ° nS 28 ' 28 ' ° f the 

tubular web 30'. The cambered plate 106 is heated by a 

heating element 108 positioned below the plate. The 
tubular web 30' is forced downward against the heated 
cambered plate 106 by the passage of the web 30' between 
anve and nip rollers ^ ^ ^ 



positioned below the lower inlet end of plate i 06 and 
then berween drive and nip rollers 116,114 at the outlet 
end of the plate 106 as seen in. Fig. 4' and Fig. 4J 

Nip roller 114 is also a bias control roller 
identical to nip roller 112, to assure the web passes 
over the upwardly honed cambered plate us in a straiaht 
path. y 

Heating the reformed tubular web 30' under tension 
relieves stresses produced in the welded portions 28 28' 
of the tubular web by the welding process. m ese 
stresses are apparent by a longitudinal bow i„ the 
reformed tubular web 30' and ripples at the welds 28,28' 
prior to passing over the heated cambered plate 106. '^e 
relief of these stresses in the welds 28,28' minimizes 
any ripples and produces a flat, unbowed tubular web 30' 

As seen in Fig. 4 ', the reformed tubular web 30' 
passes under a further idler roller 118, over an adjacent 
idler roller 120 and passes under a dancer tensioning 
roller 122 which controls tension in the web 30'. The 
web 30' proceeds over the two idler rollers 124,126 to an 
individual powered take-up reel i 28 for later 
fabrication, as shown in Fig. 4, or is immediately 
processed to form the cellular panel 10. 

Although Figs. 4A-4L show the manufacture of only 
one tubular web 30 at a time, the comb-like structure 66 
(Fig. 4N) has a plurality of vertical rods 68 to receive 
a number of tubular webs 30a-30d simultaneously. Such a 
modified production line is shown in Fig. 4M. As seen in 
Fig. 4M, a number of tubular webs 30a-30d can be 
manufactured from a wider, continuous tubular web of a 
pair of supplemental continuous substrate sheets 18a, 20a 
The continuous substrate sheets 18a, 20a, made of similar 
material as substrate sheets 18,20, are unwound from 
powered supply ree is (not shown) and pass through a 
similar set of rollers (like rollers 44 through 60), as 
shown in Fig. 4. These rollers are wider, however, to 
accommodate the wider substrate sheets I8a,20a. The 
superimposed wider substrate sheets 18a, 20a then are 
passed berween a common ultrasonic horn 26' vibrating the 
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wider superposed substrate sheers I8a, 2 .0a againsr 
Plurality of i ateraily spaced rQ sUt/we ld a „t / 

24' Positioned accent to one anoj 
Plurality of closed welded tubular webs 3 0a-3 0d ^ 
Pass through a plurality Qf ^ p ^ 

-bs 30a-30d passUU £ 

4^ Each tubular web 30a-3 0d is then further process^ 
n t he manner just described ^ ^ P ^ 



Exemplary specifications for some of the production 

AC power line. \ ^ * co ^"ial 

for- fOUOWing are a \ Set ° f exe »P^ry specifications 

for the production li ne shown in Figs. 4 and 4<- 

1. W 6b feed speed: 17.5 feet per minute 

2. Specification of substrate sheet 18: . 007 « 
thick woven polyester fabric. 

3- specification of substrate sheet 20: .007" 
thick non-woven polyester fabric. 
Specification of sonic welder ultrasonic horn 
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" 

°' SSSSu^vu^' «""«-. the 

d ' SStrSf* '«* . se "in9 at power supply 
SZE^i , £unetlon °* horn shape, peak to 
peak displacement of the horn ft its work 

" tl£L,¥ 2 " * 9 " «**• "PPed face 
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2c«o f raS^ d M by p f ranson ^trasonics 
n?J?? J lon ' 41 Ea< ?le Road, Danbury r? 
06813 identified by Model Number S ° T 



Specification of slit/weld anvil 24 - 
stationary, - .diameter, 1/8 - widef ^ 
degrees, .005 r. 

Slit/weld anvil 24 pressure against web: 40 
PS X • 

Specification of veld-flattening ultrasonic 
horn 33: 

a. power supply; converts 50/60 Hz l in- 
current to 20 KHz electrical energ^r; " e 

b. converter; converts electric, 
oscillations into mechanical vibrations. 

c booster (i;i. 5 ratio); modifies «-h- 
amplitude of vibrations. oairies the 

d- amplitude ( 8 0% setting, pneumatic 
engagement and retraction. P neui »atic 

Sium' 2 " * 9 " Carbide *~ 

2o^S? red by Branson Ultrasonics 
06813 identified by Model Number 900AO. 

Specification of weld-flattening cylindrical 
anvil 34: "4- diameter, driven at 17. 85 feet 
per minute (2% overdrive for web tensioning) 
Specification of grooved guide rollers 77 79. 
7/8" diameter, 1/16 « spacing (o-ring) , 1-7/3* 

vertical distance between upper and lower 
pairs. 

Specification of guide plate 78: .030" thick 
9/16" to 1-5/16" taper over 9-1/2" distance. ' 
Specification of foldsetting ultrasonic horn 

C 1 ^ "1 m 



e. 



f. 



92: 
a. 



power supply; converts 50/60 Hz lin* 
current to 20 KHz electrical energ^; 

b. converter; converts electric. 1 
oscillations into mechanical vitaatW 

°' b 2Sf-^ (1:1,5 rati °)' modifies the 
amplitude of vibrations. 

d. amplitude (80% settino, pneumatic 
engagement and retraction. Pneumatic 
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17. 



e - horn; 1/2" v on r3 T-h-i^« 

titanium. carbide ti Pped face 

06313, iWi^T^C^^ 

12. SP-cificatio„ of foldsetting cylindrical anvil 
94. 4 diameter, driven at 17. ss f eet De r 
minute (2% overdrive for web tensioning, with 
weld seam clearance relief. 

13. Pneuaatio pressure exerted'by weld-flattening 
ultrasonic horn 33 against veld-flattening 
cylindrical anvil 34: 12-14 psi 

14 ' ui n tT tic pressure exarted ^ ft—ttta, 

ultrasonxo horn 92 against foldsetting 
cylmarical anvil 94: 22-24 psi 
15. specification of nip rollers ii 2fll4: x 
wide, 2 - diameter, 1/4" wide groove 
specification of heated cambered plate i 06 . 
230 degrees F, i/ 2 » rise at center 24" length' 
Specification of drive roller peripheral 
speed: 17.94 feet per minute (.5% tensioning 
overdrive) . y 

for^I 19 " 5 ^ 3 bl ° Ck diagram illust ^ting the steps of 
forming a cellular Dane] m 

r. a * ^ P 10 ' from a continuous flat 

be performed, for example, b y the tension C ontro! «b 

«Ze7'd r iVS aPPlyin5 ' "* "* ™' - ^<*ing 
cnamber disclosed in U s p***,,*- „ 

Ail u.a. patent No. 4 4«;n n?7 

pending Appllcation No . 0?/M , #Mo ^ ~ « 

and 30b» ° f ° f ' " air ° f ref °™«< 

otL r ln 5 SUDp0rted - •*>» ^ 

horiL tal , 303 ' °" Mel 13 — d - * 

control „ ' WhUe " PMSSS f ir " ««»*• "nsion 
sin ^ ! li9nin? — « -Uers (Bot 

tZ r eb T tenSi °" ^ Uterally «- 

uxar " eb ^Oa'. The tubular web -*n»/ ♦.». 
r-h*.«,„,u 17 weo 3 0a 7 then passes 

-l-U of adhesive, (Fig. i) . The two bands of 
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adhesive 11,11< are applied to the portion of the web 
3 0a' to form the rep wall porrion 15 of each ceil 12 
formed from the tubular web 30a, (Fig. 2,. As shown in 
Fig. 1A, the bands of adhesive 11,11* are applied over 
the welded portions 23,23' of the tubular web 30a' to 
reinforce the welds. The bands of adhesive n fU , are 
spaced to leave the center portion of the top wall 
portion 15 of the tubular web 30a' free of adhesive 
This allows for drilling through the center of the top 
vail portion 15 of the tubular web 30' to accomodate the 
drawstrings of a complete cellular panel 10 without the 
arillmg means coming into contact with the adhesive if 
adhesive was applied along the entire top wall portion 
15, the drilling means would have to be periodically 
cleaned or replaced after the adhesive built up on the 
drilling means. 

Referring again to Fig. 5, the tubular web 30a' is 
then cut into identical tubular strips by a cutting means 
45. The strips cut from the web 30a' form the cells or 
tubular sections 12 of the panel 10. The web 30a' is 
then fed by high speed conveyor means 47 to a stacking 
chamber 49, both similar to that -disclosed in u.B. 
Application Serial No. 839,600. The stacking chamber 49 
receives the flat tubular strips through a strip pass- 
through slot (not shown, located in the floor of the 
stacking chamber extending the length of the tubular 
strips. The conveyor means 47 includes a stationary 
conveyor belt section 47a which separates the cut strips 
and a raisable conveyor sect . Qn ^ ^ ^ ^ 

lifter means 51. The conveyor sections 47a,47b may each 
include suction conveyor belts which hold the strips by 
suction thereon. The lifter means 51 raises the raisable 
conveyor 47b through the slot in the floor of the 
stacking chamber 49. This pushes the strip, held on the 
belts by suction, off the belts and up against the strip 
above it. This strip is thus raised in the stacking 
chamber 49, so that the adhesive bands 11,11* adhere to 
the bottom of the strip above it, as shovn in Fig . 1A . 
The movement of the belt forming the raisable' conveyor 
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47b 1S stopped when a strip is in alignment along its 
length with the inlet slot of the stacking chamber „ 

To properly align the tubular strips in the stackina 
chamber 49, the bottom of the stacking chamber may hB 
defied by a pair of vertical confronting walls r„ t 
shown) which are spaced apart a distance slightly greater 
than the width of the strips. These walls thus laterally 
align each strip being pushed into the stacking chamber 
with the strip above it. The upper portion Qf ^ 
■tacking chamber preferably has opposite upwardly 
diverging walls so that the laminated strips raisel 
momentarily in the chamber will not get stuck i„ t*. 
chamber. The proper timing of the operation of all of 
the stations of the production line shown in Fig 5 is 
determined by suitable and conventional control means 
identified by a block 53 in Fig. 5. 

After a strip is pushed into the stacking chamber 
and adhered to the strip above it, the lifter means 51 
lowers the raisable conveyor 47b which passes down 
through the pass-through slot in the bottom of the 
stacking chamber 49. The strip just stacked separates 
from the raisable conveyor as it is pulled against the 
floor of the chamber 49 by the downward movement of the 
raisable conveyor 47b. The movement of the belt of the 
raisable conveyor 47b then resumes as it receives the 
next strip to be pushed into the stacking chamber 49 
The sequence of operation just described is repeated to 
form the expandable cellular panel io in a mass 
production operation. When one of the web reels 30a' is 
completely unwound, a photo cell (not shown, senses this 
condition and stops the web feed. The leading edge of 
the other reel, for web material 30b', is then spliced to 
ne trailing edge of the completely unwound web 30a'. 
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Embodime nt of Figs. 6-in 

Figs. 6-10 illustrate another embodiment of th. 
present invention where a non-light controlling oellmj 
panel 10' is Bade similar to the panel 10 she™ in F f 
1, except that it is formed from . pluraU £ 
horizontally elongated open top tubular sections ll> or 

T.iT he : than ciosed tutuiar sections - >*■ « — 

a Portion of such a cellular panel 10'. As seen i„ Flg 
7. each tubular section 12' is formed of front and rear 
substrate sheets of tvo differently appear^ 

substrate materials. Each tubular section „. has ^ 
wall Portion 15-, fo „ed by spaced intumed longitudinal 
marges of the substrate sheets is- and 20 -,'a bo^m 
™u Portion i 7 - £ormad by the Qppos . ^ r 

margins of the substrate sheets welded together at 12 

TJ7T ^ POrtlOTS " ' « »=Pe=tively 

formed by the sheets 18' and 20 -. Each tubular sectio' 

12 is formed from strips cut from a folded continuous 

« :t*t web t ° imed by foidin? tta initi ^y 

web 3!, {Flg . 3F) . rae outer longitud . Ml x 

3ll 7 ,°„ Unf ° lded COTtin — Multi-substrate web 

31 are folded over the central portion of the web to for. 
an open tubular flat web which is coated with adhesive, 
cut into strips, and the adhesive-coated strips are 
seguentially stacked. The flat web 31 is made in £ 
manner shown in Figs. 8A-F. 

Fig. 8A shows two differpn^i^ =.~~ 
sheets is- 20 < with ,-h e " ntly substrate 
„ „. ,. " °PP° site longitudinal edges 

1 8 : L 3 Fl9 - 8B Sh ° WS ^ ^strate sheets 

xon, iL:z e z:::t ;r b oniy ° ne of ^ 

The substrate sheet ». t09ether " 28a ' 

a,,,,. ' pass oet "«n a preferably 

driven rotating slit/weld anvil 24 and an ultrasonic hoj 

IL. ! * SSemhlY " SlBUar t0 th " Used in th. welding 
proce dascribed wlth reapect ^ ciosea J 

30 m Figs. i- 5 . me ultrasonic horn 26 vibrates against 
the rotating slit/weld anvil 24 , „eidi„, the subLate 
sheets together to form a continuous folded 

tubular web 31 open at one end. This process produces a 



selvedge portion 32' which is collected. The web is then 
unfolded to form the flat web 31 shown in Fig. 8D and the 
veld 28a is flattened by a flattening ultrasonic horn 33 
pressing the downwardly projecting weld against a 
cylindrical driven rotating anvil 34, as shown in Fig 
8E. The cylindrical rotating anvil 34 is driven. The 
weld flattening process just described leaves just a 
slight bulge 36 in the open multi-substrate web 31. 

Fig. 9 illustrates a portion of the production line 
utilized in manufacturing the open tubular web 31. Tn e 
production line has two powered supply reels 40', 42' of 
the substrate sheets i S < /2 0' made of different material 
The substrate sheets 18 ',20' pass through an identical 
roller set up (not completely shown) as previously 
discussed for the closed tubular web 3 0 which tensions 
the substrate sheets 18 ',20' and superimposes the 
opposite longitudinal edges 22,22' of the substrate 
sheets 18 ',20'. 

The substrate sheets 18 ',20' are then welded 
together at one of their aligned longitudinal edges 
22,22' by the vibrating ultrasonic horn 26 and slit/weld 
anvil 24 assembly, as previously described with respect 
to Fig. 8B. The selvedge portion 32' produced by the 
welding process is also wound upon a driven take-up reel 
64- After the substrate sheets i 8 ',20' are welded 
ogether, a continuous open tubular web 31 is formed 
having different appearing substrate materials. The open 
tubular web then passes between drive roller 35 and nip 
roller 37 which pull the substrate sheets is ',20' through 
the welding assembly 2 4 ; 2 6. Although not shown in Fig. 
9, it is understood that the open tubular web 31 can also 
pass through slit sensor pins as described. 

The open tubular web 31 is then unfolded prior to 
entering the weld flattening assembly to form an unfolded 
flat multi-substrate web. To aid in unfolding the open 
tubular web 31, the open tubular web 31 passes under a 
skewed roller assembly 75 made up of skewed too driven 
rollers 75a, 75a which exert outward forces on the web 31 
and a driven bottom roller 75b. The unfolded multi- 



substrate web 31 then passes between two idler rollers 
81,83, and under a dancer tensioning roller 85, which 
controls tension in the web 31 by adjusting the speed of 
the driven supply and take-up reels 40',47' f i28. The web 
proceeds over a further idler roller 87 before entering 
the veld flattening apparatus. The welded portion 28a of 
the open multi-substrate web. 31 is then flattened by the 
flattening ultrasonic horn 33 and cylindrical rotating 
8C-8E. PrSViOUSly descri ^ with respect to Figs. 

After the flattening process, the flat open multi- 
substrate web 31 passes between drive and nip rollers 
110,112 and over a heated cambered plate 106 to relieve 
the stresses produced in the welded portion 28a of the 
open multi-substrate web 31 from the welding process as 
seen xn Fig. 9 . The heated cambered plate 106 is 
identical to that described in the embodiment for the 
closed tubular web 3 0 with respect to Figs. Wl ^ 
heat subjected to the open multi-substrate web 31 
relives the stresses in the welded portion 28a, thus 
axmmizxng ripples and producing a flat, as well as 
straight open multi-substrate web 31, which then can be 
processed further with less difficulties. 

The open multi-substrate web 31 continues between 
drxve and nip rollers 114, lie, and under a dancer 
tensing roller n 9 , whicn controls tension ^ ^ ^ 
31 The web 31 proceeds over an idler roller 121 to an 
.ndivxdual powered take-up reel 128 for later fabrication 
as shown xn Fig. 9, or is immediately processed fcQ 
tne cellular panel 10 '. 

Fig. io i s a block diagram illustrat . ng the , n 
forming the open cellular panel 10 ' of Fig. s formed from 
the flat web 31. it is very similar to the process for 
making the cellular panel 10 formed by the closed tubular 
web 30 as previously discussed with, respect to Figs. 1-5 
According^, S i muar stationg in plgJ iq ^ bee ' 

identically numbered to those in Fig. 6. one difference 
the addition of folding means 55 before the adhesive 
applying means 43. a suitable folding means is disclosed 
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in U.S. Patent Mo. 4,450, 027 or in U.S. Applies • 

Serial Number 08/040,869 *ii ed on M . APPllCatlon 

/ -*u,ooy, j.iied on Marcn 31 iqo-> 

entitled "Foldina Pisn-o > u , ' 

9 Plate assembly For Fabricate 

„ InS u ia ting Material „ and f iled in tha 

Brya„ K . Ruggles a „ d Cary l _ ^ J 

th« appUcation, the folding mea „ s ^ ^ 
folding plate assembly through „„ ich ^ 
The .lot is shaped to cause the outer longitudinally 
of the flat multi-substrate web 31 to raise above Z 

web. The confronting longitudinal margins of the £Z 

do not contact one another, leaving a gap 57 in the * 

d™ not * 3 Setti " 9 ~"* in «» f °» « « h«t J 

drum (not shown) which heats the web material to its heat 

set temperature. The heated folded web is preset 
against the drum to for* sharp permanently set folds. k 

helow the setting temperature forming set pressed foids 
13,13' shown in Figs. 6 and 7. 

a»,„ Th< ' tUbUlar 31 neXt Passes Adhesive 

applying means 43 which applies two bands of adhesive £ 

1 (Fig. 7, . The open tubular web 31 is then cut into 
identical tubular strips by cutting means 45 which by 
conveyer means, are fed to a staging chamber »^ 

s'LTZ ^ diSCi ° Sed " °- S - *PP"«tio„ 

30 07/8 "' 600 ' " Previously discussed to 

of Figs « : eSPSCt t0 Cl0S6d M » I" 

Enbodjwo n t Of Vig^. 

35 panel Fi io» of" 14 J 11UStrate 3 Ught 

panel io of tne present lnvention _ comprises 

honzentauy elongated vertically aligned cells o" 
ubular sections l2 . f oraad frm a „ open ^ « 

JU • The web 30" is fniHnH ~ *. ^ 

cut intn * •' ' Sd Wlth a ^sive, and 

cur mto strips; the string -»-,=> 

scrips are then stacked in the 



manner previously described. An opaque substrate sheet 
19" in each tubular section 12" controls light passing 
through the panel 10". When the opaque substrate sheet 
19" is rorated to a vertical plane, light passing through 
the panel is obstructed. 

Fig.. 11 shows a portion of the light-controlling 
cellular panel 10". The cellular panel 10" is formed by 
laminating separate open tubular strips when in a 
flattened condition, as shown in Figs. 14C and l 4D to 
form a tubular section 12". Each cell 12" has a front 
wall portion 14" made of a sheer substrate sheet i 8 « of 
one mesh size, a rear wall portion 16" made of a sheer 
substrate sheet 20" of a different mesh size, a bottom 
wall portion 17" made of a wider substrate sheet 19 « of 
opaque material, and a top wall portion is- which is 
formed by the bottom wall portion 17" of an adjacent cell 
12" and the inwardly turned upper ends of the substrate 
sheets 18" ,20" secured to the opaque sheet 19- by spaced 
bands of adhesive 11". 

The open tubular strips are first formed from a flat 
continuous web 3 0" made of three separate substrate 
sheets 18", 19", 20" (Fig. 12A) which are welded together 
along their longitudinal margins. Fig. 12A shows the 
three superimposed substrate sheets 18", 19", 20" with the 
left longitudinal edges 22' and 22" of the wider central 
opaque substrate sheet 19" and lower sheer substrate 
sheet 20" aligned, and the right longitudinal edges 22- 
and 22 of the central opaque substrate sheets 19- and 
upper sheer substrate sheet 18" aligned. As seen in Fig. 
12B, the three-substrate sheets 18»,19»,20 M are welded 
together at their aligned two-substrate thick 
longitudinal edges by passing the substrate sheets 
18M9» /2 o» between a common vibrating ultrasonic horn 26 
and slit/weld anvils 24 identical to the welding 
apparatus as previously described. Thus, outer sheer 
substrate sheet is» is welded to the wider opaque 
substrate sheet i 9 « at the right aligned longitudinal 
edges thereof while the other outer sheer substrate sheet ■ 
20" is simultaneously welded to the opaque substrate 
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sheet l9 . aE the alignfid le£t longitud . nal 

, z z hap V eb 30 " uhics is un£01ded - - — »t 

18 ,20" all in the same plane. 

o, J"". " Slding Pr ° CeSS ' tha " eldod Prions 28- 
Of the unfold W6b 3 0- are flattened to lora a £ 

of similar thickness throughout. As seen in Mg 
the welded portions 28- are fattened by passing tn'e ^ 
.Ulti-suhstrate web 30" between the flattening ultrason" 
horn 33 and cylindrical rotating anvil 34. the pressure 
appiied by the flattening ultrasonic horn 33 to tne 
"elded portions 28" of the multi-substrate web Z' 
against the cylindrical rotating anvil 34 flattens the 
welded portions 28" to produce a multi-substrate web T- 
with smiar thickness throughout. 

«g- 13 shows a portion of the production line for 
-ufact^ing the continuous flat multi-substrate Z 

<L L C ° ntinuous substrate sheets 1S-.19. 

sltrate™r n t din9 ^ ^ ~ 
wltens! 18 "'""."» pass through simUar sets of 

web tensioning rollers ( no t shown, as discussed 
Previously. T*e three-substrate sheets 2 TL1 
then superimposed with their longitudinal edges aliped 
as described, by passing them in superposed relattn 

sheeT ! P ^ ° f idler r ° UerS S0 "'«" -th on. outer 
Sheer substrate sheet 18- on top, the center opagu, 

substrate sheet 19" in +-k« •-».»•. 

19 ln the Blddl and 

12T B 0 " b ° tt0m ° f ^ "P«i~ stactof 

Each outer sheer substrate sheet 18", 20" is then 
simu taneously welded to the longitudinal edge of^e 

,T trate sheet 13 " in ali9ment 

aLIs 24 Ult " SOniC h °"> 26 — ^inst the slit/we!d 
Z PreV1 ° US1 ^ d — "ed with respect to Fig. 

process are^ar^ 6 P ° r " 0nS * «» 

substrat „ re "° Und ^ take - UP rMls *"er the 

substrate sheets ara welded together, a «. 
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shaoed veb " ) n" < = 
- ■ u ■ -orraea. The Z-shaoed web naeea 

between a drive roller 3S" and a nip roller 37" ZiZ a 2 
t= PUU the substrate sheets ».,„..„. through the 
welding assembly. Although not shown in Fig. 13 it T 
understood that the web 30- can- also pass through slit 
sensor pins as previously described with respect to th! 
closed-tube cellular panel 10. 

As previously described, the z-shaped web 30" is 
then unfolded before entering the weld flattening 
apparatus to for, a flat substrate sheet. To aM^I 
-folding, the Z -shaped web 30- passes beneath , ZZ 

t ei 75 :: s T.. y r conprised ° f dri ™ ^« 

75a» ' " ' . b0 " 0,n rOUer 76d " Th « ***•» rollers 

-tend, g li ,. overlylng 

multi-substrate w^h 4-k~ rAac 

83- und.. ! P3SSeS ° Ver a " " ler "Her 

second rf , MCer t -» 1 «l»» roller 85- and over a 
second ,dler roller „. . ne projectin9 walded * 

«e flftt BUlti - SUbS "" a — 30" a„ then fattened b y 
«tat"c ?' UltraS ° nic h °™ — cylindrical 

tl r£\7 ^ PrSViOUSly deS " ibed — ' 

.uh.,"!" fla " enin 9 Process, the flattened multi- 

1T,:t„ at r passes between driva and — « 

relieve «, - " hMted pl " a 106 to 

of the m ^ " SSeS Pr ° dU " d *" "» " e " ed porti °- «' 
^he heeT , 3 °" **» 

described T Sred Pl " e iS lda " tiCal f «-* 

described m the embodiments of Figs. 1-5. 

The multi-substrate web ia» +-h Q „ „ ^ • 

furth*^ ,* • continues between 

rurther drive and nip rollers 114" n«» 
ten<! ^ n , , p uers 114 under a dancer 

tens, oning roller lu . ana over an ^ ^ 

fabrLat ' t """ Up ^ <~ 

to fo2 " Sh ° Un ln P1 «' 13 ' » Mediately processed 
to form the cellular panel io». 



Fig. 14 shows a block diagram illustrating the steps 
of forcing the light controlling cellular panel 10 \. 
formed from the flat unfolded multi-substrate web 30 « 
It is very similar to the process utilized to make 
cellular panel 10' formed from an open tubular web in 
accordance with Fig. 10 . Accordingly, corresponding 
reference numerals are used in Fig. 14 to avoid a 
repetition of description. However, the folding means 
55 is different from the folding means 55 in Fig 10 
which forms sharp set folds 13 '-13' in the web 31' ' ^ 
folding means 55' includes no heated drum or other means 
to set any folds so that, as shown in Fig. 11 , there are 
no folds seen at the sides of the rectangular tubular 
sections. The folding means, therefore, preferably 
includes only a slot forming plate, as shown in copending 
Application Serial No. 839,600. 

Figs. 14A-14D illustrate respectively transverse 
sections of the web 30" as it unwinds from the reel 128- 
and when it leaves the folding means 55' and adhesive 
applying means 43. Note that in Fig. i 4C the bands of 
adhesive deposited by the adhesive applying means 

43 on the folded-over marginal portions of the outer 
substrate sheets «- and 20" overlie the outer marginal 
portions of the opaque substrate sheet 19-. Fig 14D 
shows adjacent strips si and S2 cut from the web 30" 
pushed in the stacking chamber 49 where these strips are 
laminated together by the adhesive bands ii«-u- Thus 
when a panel io«, shown in Fig. 11, is allowed to expand' 
the cells or tubular sections have the rectangular shape 
shown therein. P 

When the outer sheer substrate sheets 18", 20", which 
form the front or rear wall portions 14" or 16" of the 
cellular panel 10", are shifted up or down with respect 
to each other, the wide opaque substrate sheets 19" 0 f 
the various laminated strips shift from a horizontal 
Position where light passes through the cellular panel 
• The opaque substrate sheets 19" are then- inclined 
upwaraly to an upstanding position where the opaque 
substrate sheets 19.. of adjacent strips QVerlap> 
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they are wider than the outer substrate sheets i 8 . 20 . 
Inthis position, the passage of light through the panel 



10" is prevented. 




15 



20 



25 




35 



Embodi ment of Figs. 15-19 

Another . method of making a light controll 
cellular pankl comprising of horizontally elongated 
vertically aliWd cells utilizes an unfolded substrate 
web 30" identical to that fonned by the production line 
shown in Fig. \ 3 . „ owever , the wefa 30 „ ^ ^ 

differently, as illustrated in Figs. 16-19, to produce a 
panel 10- shown \n Fig. 15 which shows a portion of the 
panel 10-. Fig \ 16 shows tne multi _ substrate web 

with bands of adhesive B and B< applied along the outer 
longitudinal margin \ or the front sheer -substrate sheet 
18 , and along the rW margin of the opaque sheet 19" 
opposite the inner or Vront margin of the sheer substrate 
sheet 20". The web\ 30" is then cut intQ 

sequentially to form three-^h^^^ *. • 

1 i.ujrm raree-sutistrate strips S1,S2,S3 

etc. as shown in Fig. 17* ' 
The closed tube cellular panel io»' is formed by 
laminating in sequence the flat unfolded multi-substrate 
strips si,S2, etc. together in identically oriented 
positions at transversely spaced points therealong to the 
previously cut strip located above it. 

As shown in Figs. 16 and 17, the' bands of adhesive 
B.B of each strip thus adhereX (a) the rear margin 127 of 
the center opaque substrate skeet 19- of each strip to 
the outer margin 130 of the rear sheer substrate sheet 
18 of the strip above it, and (\, the outer margin 129 
of the front sheer substrate sheet 20" of the former 
strip to the front margin 131 oV the center opaque 
substrate sheet 19 . above it. FiL. i 5A and 15B are 
fragmentary views of the portion of\the cellular panel 
of Fig. 15, showing the adhesive Nconnections of the 
identical multi-substrate strips whL the panel is 
expanded. when the outer margin 129 oA the front sheer 
substrate sheet 13" of the uppermost s\rip SI and the 
rear margin 127 of the center opaque substrate sheet 19" • 
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of the uppermost strip! si are fixed in the positicn ,„ 
are to assume ln the xpanded cellular 
ne rest of the pane! o«< is allowed to drop un de ; £ 
force of gravity, a i ght controlling panel 1 
formed comprising horizontally elongated vertical!^ 

aligned closed tubular tails 12- as se «n • ertlCaU * 
^ r * L - Li3 X ^ as seen m Fin- i* 

The front vertical wall'U' or side „ f6al , ** 
_ T or Slde °f each cell 12 "' is 

formed by the front sheet substrate sheet i 8 » Q / 
the multi-substrate striL- f ° ne 0f 

it. The bottom horizontal wall 17 "< of each ceU T! 
for»ed by the canter opaJe substrate sheet «. o£ J!' 

« fo«d by the center olaoue substrate sheet « 

the strip above it i+ai- B * ^ 

rear S „>L 7 ther Way ' the fr °*t and 

rear substrate sheets i„- /20 . of each' strip form 

respectively the front and ear wall portions of * ^ 

betwee'n *° ^ und ~™"" ^ relationship 

between the various\ cut and laterally offset laminate! 
mult i -substrate strifes si S2 <n «,», . snared 
form f ha V S1 ' S2 ' S3 ' S4 snow n m Fig. 17 that 

form the expanded P Wl 10 '» in Fia is * 

substrate sheet of eal strin i« h ^ 
p *. h ■ X Strip 13 de signated by the letter 

F, the center opaque Ustrate sheet of each strip Z 
designated by the letter e *nH ^ 

of each stri n • .1 rSar subst "te sheet 

of each strip ls designated by the letter R with «, 

Particular substrate sheit of a given string t 

identified by a raf.«.nl J * Urther 

r.^ reference number corresponding to the 

refere number identify^ that strip, similarly, £ 

bands o t"' l6tter B '\ With the ™* Adhesive 

ccrresl a T* identified b * * "umber 

bands of th ' 5 SU \ Strate she *ts, adhesive 

bands of the variQUs g \ 

immediately be identified in Fig \ 5 *' ^ 
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The .dju.oi.nt =f the panel 10- to obtain the lioht 
P-sing and obstructing modes of operation is ^ 
; mlir M that « open tube pane! 10- of Fi * 

». When the front and rear sheer substrate ^ t" 
18" 2o«< nf *-v,^ i^. ^^strare sheets 

",20 the multi-substrate strips sx,S2 etc 
up panei io»' „,. „ • «~ . etc. making 

aLL. vertically relative to on. 

another from their positions shown in Fig. 15 , th. center 
opaque substrate sheets „. of the various strip. oTt h ! 
cellular Danel io»- „ ( . , 5crl Ps of the 

«,..< " Pivoted fro. horizontal lioht- 

passxn, positions to upstanding light-blocMng positiol 
=.cause the center opaque substrate sheets """X 
than the outer sheer substrate sheets «.,„., the c»£ 
opaque substrate sheets „. overlap one another L ^r 

nght- ioc king upstanding positlonSi thus 

Ught from passing through the cellular panel lo- 

Pig. 18 is a block diagram showing th. different 
eps of manufacturing the cellular panel 10 .. J™ 
». The laminated multi-substrate strips forming . ^ 
30 are unwound from a driven supply reel and past 

though tension control and web aligning m..„ s £T 

mtr^^T ^ B ' a " aWUed ^ adhesive applyL 

means 43' to i-ha w ,,i4.4 o FFAyuig 

30" is out bv lX "* 3 °" ^ ^ 0,9 

The 11 1 slTrX ng t meanS " int ° " riPS S1 ' SZ '"- 

uiti substrate strips are then carried by high serf 

convey a eans „L ks that previously descLed t ^ 

n a :: v Th r e x on 47b - ^ «- ■«* «. 

emanated, the U&ter means 51' raises the n,i«M 

" i a y ;: :lt:: t ^ carried * - 

«j-j-y inaexaole convenor belt Aft-**- ^ 
ci i e i ^ eAt * Arter the first strin 

lr t st: D T t h « ^i-ted to the 

17 and the Pa " ern d T ribed Wlth to Fig. 

17 and the process continued with the third strip 

sequence of 7 "\ C °" tr01 "» 

bribed St " i0nS ° f ^ Pr0dU « i0 " «« iust 

for /t ? ' 19 Sh °" S Pa " ° £ the »V £a «uring apparatus 
for maun, the U, h t controlling losed tube cLluUr 
panel lo 1 " 0 f Fia is \ cellular 

*ig- 15. After the multfVsubstrate web 30" 
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cut into strips S1,S2,S3 etc ,d h . 
B' «. applied at th. pr^ JT ' f b!m<1S 8 «* 

Previously described. A conv '«*ih3 as 

s J the stat lonary ~Jl^™£2*r~ 
the multi-substrate strips si .„ , receives 
"=lt 150 is provided „it h ,„ ' „ ™ e COnvev « 
»*th a vacuum source 1 T * "—icatin, 

thereon. ^ conveyoVbeTt IsJ *° *** 

disable conveyor belt l S1 ^ *** ^ *• *. 

10 «g. 18. The raisabl. Resented by bioclc 47b i„ 

^ 156 to a „ vaZT 1 3150 ^ «" ^ 

-id t„e ^-,j:;z^\T7 in pt9 - *• 

'ormino tne cell„l ar panel i„V ^ * 
substrate sti-in 1 . ' he flrst muiti- 

■miti-substrate strip sl u L„ ^ ^ "*« 

Usable conveyor l ? 51 ^^^^ «• 
-rhead laterally ^7 * ^ « * «- 
^ represented by bloc, 49 , ^ Flg . "0, 

~ - - h» 

»°M in place the first !^ * 3 VaCUUa "°* "« to 
'—to. men tbe ^1" 31 — « 

the second ^^TT ^ 
25 sensors (not shown) i„ th. " PS M ' Strip ^tlon 

relay the location f the """"" «» 

^ the control means £ ~ T~*° * 
«' then indexes the lateral,'', „ C °° tr01 MMS 

|o »• in the direction shoTby th e C ™ »«* 

10 the proper location „ h ere it stot t " * *° 

■miti-substrate strip S2 da] f „ th * S,cond 

conveyer belt 151 J ^ ' ^-to. „» raisabla 

hydraulically TO ' stru «ure connected to 

cylinder J 155 ' * >**»U» 

! laminate the secon, u ** 151 Up " art * 

^ne second substrate strin » 

conveyer belt isi against th^- ° n raisab ^ 

SI above it Thls St Hulti - S ^trate strip 

- LU * inis process ^ 

^rips. The belt P Ca *" Cont ^ues with the subsequent 

The sticJcina fo. by the e ist °"* 

11,9 f ° rCe ° f the ^hesive bands B and B' 
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not yet fully cured, is desirably greater than + h ' 

h0 i ding the stripon the y : elt ; r f han no r vacuua 

P-ssure on th. belt 151 , is mome ntarily cut-off 

As thi. process continues, the laminated " -bum 
substrate stri-><= r.„„ « Q aulti- 

* forming a continuous web a + 

U^nated strips pass between the laterallv < T 
belt 160 and a nip roller 170 6raUy ^exable 

n a « roller 170. The continuous web then 

passes over an , , caen 

" an idler roller 179 

veb, and over another idler roller 176 to a driven 
up reel 17a <m,« Q riven take- 

el 178. The speed of rewind reel 178 ~ * 

by th ;:r r ?£ tte d — — - ^nr 

refJI. , lnVentl °" bMn des =^« vtth 

understood by those skilled in the ^ 

without denan-i™ * elements thereof 

departing from the broader aspects of m 
invention. ^yects of the 



